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A bstract The thermosolutal instability of a composite plasma is studied to include
the Coriolis force, the finitenc&s ot ion Larinor radius, collisions between ionized and neutral 
particles and Hall currents m the presence of a uniform magnetic Held It is found that, in the 
stationary convection case, the F L R (finite Larmor radius), rotation. Hall currents (for 
high, values ol magnetic and rotation parameters) and stable solute gradient have stabilizing 
effect on the system However, the mutual collisions between ionized and neutral particles 
have no effect on stationary convection
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1. Introduction
T he p ro b le m  o f  the o n se t o f  the rm al in stab ility  in the  p resen ce  o f  so lu te  g rad ien t is o f  g rea t 
im p o rta n ce  b e c a u se  o f  its ap p lica tio n s  in a s tro p h y s ics  and a tm o sp h e ric  p hysics  (esp ec ia lly  in 
io n o sp h e re  and  so la r  a tm o sp h e re ). In such  cases, the buoyancy  fo rces can  be cau sed  not only  
by d en s ity  d if fe re n c e s  d u e  to  the  v a ria tio n s  in tem p era tu re  (acco rd in g  to the theo ry  of therm al 
in stab ility  o f  a  flu id  lay er h ea ted  from  below ), but also  from  those due to the varia tions in so lu te  
c o n c e n tra tio n .
T h e  th e rm a l in s tab ility  o f  a co m p o s ite  p la sm a  w ith  fin ite  e lec trica l con d u c tiv ity , in the 
a b se n c e /p re se n c c  o f  H all e ffec t w as stud ied  by S harm a and  S h a n n a  [ 1,2], G u p ta  [31 and  V asiu 
and B cu  [4], T h e  sa m e  p ro b lem , bu t tak in g  in to  acco u n t the effec ts  induced  by the p resen ce  o f  
co m p re ss ib ility , H all c u rre n ts  and  po ro u s m ed ia , has been  stud ied  by S h arm a  and  R ani [5] and 
S harm a an d  S un il [6 ,7 ] .
In  th e  s te lla r  ca se , w h ere  the  p h y sic s  is qu ite  sim ila r to  the th e rm o h a lin c  co n fig u ra tio n , 
the  fin ite  L a rm o r  rad iu s , ro ta tio n  and  co llis io n a l effec ts  are like ly  to  be im p o rtan t. V asiu and 
M arcu  [8] s tu d ie d  th e  e ffe c ts  in d u ced  by the  s im u ltan eo u s  p resen ce  o f  ro ta tio n , co llis io n s  
be tw een  io n iz e d  an d  n eu tra l p a rtic le s , and  F. L. R effec t on  the th e rm o so lu ta l in stab ility  o f  a 
co m p o s ite  p la sm a , p ro v in g  th e ir  s tab iliz in g  in fluence.
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T h e  p re se n t p a p e r  ex te n d s  th is  p ro b lem  to  in c lu d e  the  e ffe c t o f  H all cu rren ts .
H ere , w e c o n s id e r  the  th c rm o so lu ta l in stab ility  o f  a co m p o s ite  in c o m p ress ib le  p la sm a in 
ro ta tio n  w ith  a u n ifo rm  an g u la r  v e lo c ity  A  (0 , 0 , Q  ), su b je c ted  to  a  v e rtica l m a g n e tic  field 
B  ( 0 , 0,ZJ()). T h e  p la sm a  is co n fin ed  in the  fo rm  o f  in fin ite  h o rizo n ta l la y e r  o f  th ic k n e s s /() and is 
ac te d  u p o n  by th e  v e rtica lly  d o w n w a rd  g rav ita tio n a l a c c e le ra tio n ^  ( 0 ,0 ,  -g).  T h is  p la sm a  layer 
has tw o  in c o m p re ss ib le  c o m p o n e n ts  : an  io n iz e d  o n e  an d  a n eu tra l o n e  w ith  d e n s i t ic s p f and  p  
re sp e c tiv e ly . T h e  fre q u en c y  o f  co llis io n  b e tw e en  the  io n iz ed  and  n eu tra l p a r tic le s  is deno ted  
by v . . W c h av e  n e g le c te d  the  in f lu e n c e  o f  ro ta tio n a l m o tio n  and  v isc o sity  on  th e  neutral 
p la sm a  c o m p o n en t-  T h e  e ffec t o f  F. L. R on  io n iz ed  co m p o n e n t req u ire s  tha t th e  p re ssu re  m ust 
be  a te n so r  q u an tity  d e p e n d in g  on ion  g y ra tio n  freq u en cy , b ec au se  o f  s tro n g  m a g n e tic  field 
a c tio n . F u rth e rm o re , th e  e ffe c ts  o f  v isc o s ity  an d  f in ite  e le c tr ic a l c o n d u c tiv ity  o f  ion ized  
c o m p o n e n t sh o u ld  a lso  b e  c o n s id e re d . T h e  p la sm a  la y e r  is h e a te d  from  b e lo w  and  is sub jected  
to  a s ta b le  so lu te  g rad ie n t. W e h av e  d e n o te d  th e  u n ifo rm  te m p era tu re  an d  u n ifo rm  solute
g ra d ie n ts  by resp ec tiv e ly . In s ta tio n a ry  s ta te , the p la sm a  layer
g iv e s  T = T()- p .  z an d  C  = CQ-  P'.z and  p  = p () [ 1 + a(7’0-7 ,) -a '(C L -C )]  = p ()( l  +a p. 
z -  a ' . P '. z ), w h ere  TQ , CQ an d  7\ C are  the  te m p e ra tu re s  and  co n c e n tra tio n s  a t the bottom  
su rfa c e  z =  0  an d  at any  p o in t b e tw e en  z = 0  and  z =  /0, z -ax is  b e in g  ta k e n  as the  v e rtica l a x is ,p () 
is the  d en s ity  at z = 0  ; a ,  a! re p re se n t the  th e rm al c o e ffic ie n t o f  ex p a n s io n  an d  so lven t 
co e ffic ie n t o f  e x p a n s io n , resp e c tiv e ly . \
2. Linearized perturbation equations
W e m a k e  th e  a s su m p tio n  tha t b o th  in c o m p re ss ib le  v isc o u s  io n ized  flu id  an d  in co m p ressib le  
n o n v isc o u s  n eu tra l gas b eh a v e  like c o n tin u u m  f lu id s , and  the  n eu tra l gas is n o t a ffec ted  by the 
p re ssu re  g ra d ie n t, g ra v ita tio n a l a c c e le ra tio n , te m p e ra tu re  g rad ie n t and  s ta b le  so lu te  g rad ien t
O n  the  b as is  o f  fo re g o in g  re m a rk s  an d  fo llo w in g  the lin e a riz ed  p e r tu rb a tio n  theo ry  [9], 
w c s ta r t  w ith  the  io llo w in g  lin e a riz ed  h y d ro m a g n e tic  e q u a tio n s  o f  the  sy s tem  :
=  -  —  V(S P )  + vlA ( S v l ) + vl (<$V„ - 5 v , ) - ( a 0 - a ' y ) g  + 
d t  p ,
+  2 5  v y.£2 + ------- (V  x f if l  ) x B ,
P ,M  o
(1)
a t  £
(2)
V - ( $ v „ )  =  0 , (3)
V ( 5 v , )  =  0 , (4)
£CQ.II
CD
s
is (5)
■j—  x 'A r  = P ' w.
a t
(6)
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~ - ( S B )  =  V x ( 5 v ,  x B) + vmA(8 B ) -  H a V  x  [ (V x S  B) x B] ,  (7)
V ( 5 J J )  =  0 ,  (8)
w here  S  v ; =  (ut , v , w f ), 5  vfj =  (m;j , v;] . vv ( ),8P,  8 B (8 Bx , 8 By , 8 B _ ) 9 f t / d e n o te  the 
p e r tu rb a tio n s  in  v e lo c it ie s  vf , vn , th e  stress  ten so r P . m agnetic  field  J8, tem p era tu re  7 , 
co n c en tra tio n  C  ; w h ere  as vw| , vf , vc  arc  the the rm al d iffu s iv ity , so lu te  d iffu s iv ity .
e lec trica l res is tiv ity , k in e m atic  v iscosity  o f  ion ized  co m p o n en t and io n -n eu tra l co llis io n a l
freq u en cy  re sp e c tiv e ly  ; £ =  ^ 1 i =  w here  /V is the ion n u m b er density , e is e lec trica l 
c h a rg e  o f  io n s  an d  jtiQ is the  vacu u m  perm eab ility .
T h e  c h a n g e  in the  d en s ity  8 p  is cau sed  by the  pertu rb a tio n  ft in the tem p era tu re  an d  y 
in the c o n c e n tra tio n , and  is g iven  by :
8 p =  -  p () (a G - a ' y ) .  (9)
W e m a k e  the  as su m p tio n  tha t bo th  ion ized  flu id  and neu tra l gas beh av e  like co n tin u u m  
flu ids and  the  in flu e n ce  o f  m a g n e tic  fie ld  is n eg lig ib le  for the neu tra l gas. F o r the vertical 
m a g n e tic  f ie ld  B  (0 , 0 , B0), the  p e r tu rb a tio n s  8 P  in the  stress te n s o rP  h av e  the c o m p o n en ts  as 
g iven  b e l o w :
6 P n =  5 P „  = 8  P - p ,  v 0
d li ^ d v
d y d x
8 P n = 8 P 2 ] = 8 P u = 8 P „ = S r  + Pl v 0
r) u d v
S P 22 = 8 P y, = 8 P + p,  v 0 +
8 J»„ =  8 P „  =  8 P „  = 8 P „ = 8 P -  2 p,  v 0 ^  +  j ~  
5 P n = 8 P i l = 8 P ), = 8 P „  = S P  + 2p,  v 0 +
( 10)
8 P „  =  8 P „ = 8 P .
N J ,H ere , 8 P  is th e  p e r tu rb a tio n  in sc a la r  p ressu re , P , v o =  ^  * w here ft) is the  ion gy ration  
frequency , vQ is th e  ion  g y ro -v isco sity , /V is the  den sity  n um ber and  7  is the  tem p era tu re  o f  
ions.
T h e  p e r tu rb a t io n  8<p in th e  te rm s o f  the norm al m ode has the form  :
6 p ( j c ,> \ z , f )  = p '  ( z ) - c x p [ i k x x  +  ik^ y  + nt]9 (11)
w h ere  <p* is th e  a m p litu d e , kx , k x are  the  w ave n u m b e rs  a long  x  and  y d ire c tio n s , k1 = k 2x + k2x 
and  n is th e  g ro w th  ra te , w h ich  is a co m p lex  constan t.
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Making use of (ii), eq. (2) yields
QnSv,, = ~ V c Svi , 
E (12)
V Q
w h e re  12 „ =  n +
Eq. (1 ) u s in g  (1 1-12) takes the  fo rm  :
n in Sv,  = — {- V ( 8 P ) - ( a 6 - a ' y ) g  + 28v, * n  + — —  
Pi P o P i
( V x f f l ) x H , (13)
w h e re  £2jn = n *  -  v , A \ n m=n(\ + e v c /(nE + v c )),
U sin g  (1 0 ) an d  ap p ly in g  the  “ c u r l” o p e ra to r  on (1 3 ) w c can  o b ta in  its p ro je c tio n  along
z-axis:
Q in;  = [v0 (2D2 + k 2) +  2£2]Dw + - - 0-  £>£.
HoP, (14)
d  H 2 \
w h e re  D = —  , D 2 = — - , f  =  [ V x ( 5 v , ) ] z, £ =  [V x(<5 £ f ) | , . 
dz d z '
U sin g  (1 1 ) an d  [V x  (<5v, x  f l) ] ,  =  H()D w f , the  p ro je c tio n  a lo n g  the  z-ax is  o f  (7 ) can  be 
re d u c e d  to  the fo llo w in g  fo rm  :
n m 8 B 7 = B0 D w - H aH0 D $ ,  (15)
w h e re  £2m = n + v m (k2 -  D 2 ) = n - V mA .
A p p lic a tio n  o f  the “ curl ( c u r l) ” o p e ra to r  on (1 3 ) and “ c u r l” on (1 7 ) resu lts  in th e ir  p ro jec tions 
a lo n g  z - a x is :
„  . . d 2e  d 2e A
a „ A w , =  « t f |  - ^ T  +  ^ T j
d - y  d 2y  
- a ' g l  — (- +  — ~  
1 d x 2 dy2
Bn
- \ v n( 2 D 2 + k 2 ) + 2 i 2 ] D £  + — —  DA8B.  .
P o P ,
O ^ ^ B o D ^ + H . B o D A i S B , ) .  
where we have used the following relations :
- H a V  x  (V  x  [ ( V  x  <5B) x  J» ]) =  -  t f „  fl0 O [ V  x  ( V  x  <5»)] =  / / u B0 DA(SB),
(16)
(17)
V  (8 B) = 0 .
Analyzing the disturbances in terms of normal modes, we assume that the perturbation quantities 
arc of the form :
(w(,0, y,8 B: ,£,l;) = [W(z),0(z),r(z), K(z),Z(z), XU)}-exp[i*, jc + iAvy+Hf], (IS)
where W, 0. T, K, Z, X are the perturbation amplitudes.
It is convenient to discuss eqs, (5), (6) (14-17) in dimensionless variables and to take
i2
into account (18). We now choose the unit of length [L] = L and of time 17'] = —  and let
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12 * .2
. .  .  ,  W in  W /(» V  y  1/
; = l 0z \ a - k l 0 ;<7 = — ; cr = —— ;Pi = —;p2 = — ;p, = ~ .-w here v= v
^ * m X
Introducing the following quantities :
C - H i . c - P J L . r - ^ . r  B° lou 0 -  . t-| — , c 2 ~ —— ,C,  = --------- ;
X X lQ /J0p,v
r  r  -  B° l° ■ r  -  a g l ° • r  a ’gl0 2
>o v„ v 7 v (19)
C8 = >/f7f0 ; C, = Vf /0 ; VF = 2 0 - ^ ;  -JU = ^ - -
C.o - ■ ;C M =
v m/0
and the operators
D 2 - a 2 ;0 * , = O2 - a 2 - a * ; 0 ,  = D2 - a 2 -o p , ; (20)
0 2 = D2 - a 2 — op2 ;0 , = £>2 - a 2 -o p , ;0„ = 2D2 + a2,
We obtain the final form of the aforesaid equations :
0 ,0  = -C 0W, (21)
0 , r  = -C ,W \ (22)
Off*Z = -[C 2 +C4Ou]DW -C,DX , (23)
O2K = -C^DW + Cl0DX, (24)
Oa *OW = C60 - C 7r  + [CgO„+C,]DZ-C,OD/:. (25)
0 2 X = -C , DZ -  CM ODK. (26)
3. Dispersion equation
B 0 loWe now introduce the Chandrasekhar number Q = C,C5 = " " M -
.. . , M oP.W ™
dimensionless number characterising Hall effect, and some new operators, e g.,
B 70
Lu = 0 22 +MOD2, L' = 0 20 / - Q D 2 ; L = C t M +QMOD4.
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E lim in a tin g  0 ( z ) ,  H z ) ,  K(z), X(z) and  Z(z) from  the eqs. (21 -26 ) w e o b ta in :
L K  = - C i L ’ O 2D W  + C $C {0( C 2 + C AO a ) 02D * W  (27)
an d
L Z  = - [ C 2 + C 40 i ] L M0 2D W - C j C $C n 0 0 2D 3W. (28)
A p p ly in g  the  o p e ra to r  0 { O y L  in eq . (2 5 ) and  u sing  eqs. (2 1 -2 4 ), (26 ), (2 7 ) and  (28 ), w e Finally 
o b ta in  the  d isp e rs io n  e q u a tio n  :
w h ere
(OO,0,[LOa’ -Q D 20 2L’] + [? + i4ufo„ + UOl ]0,o 2o,l m d 2 +
+2(21 - J ? M  +  -JUm O^ ] 0 0 , 0 20 y D * ) W  =  (- R O i + S O t)a2L W , (29)
„  g a p i t
R  -  is the  R a y le ig h  n u m b e r,
- t t a ’P ' l i
 ^ — ^ ~ v "  *S l^ e s o *u te  nu m b er,
212/ ^  \
V =  - 0 is th e  n o n -d im e n s io n a l n u m b e r  a c c o u n tin g  fo r  F .L .R . a^ d  ro ta tio n a l effec ts
vr 4
and  V y f U - j f
4. Particular cases
1. In th e  a b se n c e  o f  H all e ffec t (H  =  0, M  =  0 ) eq . (2 9 ) red u c es  to  :
(O 20 ff‘ - Q D 2) ( 0 0 , 0 , ( 0 20 a’ - G O 2) + O 2a2( R 0 , - 5 0 , ) }  W(z)
=  [ ( /(V  +  O u)2 O ,O ,0 22D 2 ]W (z). (30)-
w h e re  U ( V  + O a ) 2 =  0 ( V 2 +  2 V 0 „  +  O ,,2 ) =  f  +  i J U T O , ,  +  O O ,,2 , U V 2 =  f .
E q . (3 0 )  is id e n tic a l to  th a t in V asiu  and  M a rc u  [8].
2. In th e  a b se n c e  o f  F .L .R . (v 0 = 0 , U = Q) and  ro ta tio n a l m o tio n  ( Q  =  0, T =  0 )  eq . (29) 
b e c o m e s :
0 0 , 0 , | 0 ff’20 22 - Q D 2 a 0 20  ‘ - Q D 2)] W(z) +  M O 20 (T‘20 ,O ,D 2W(z)
= [ ( - R O ? + S O i) . a 2( 0 22O a’ - Q 0 2D 2 + M O D g’ D 2)]W(z). (31)
Eq. (3 1 )  is id e n tic a l to  th e  o n e  as g iv e n  by S h a r m a a n d  S h a rm a  [ I ]  fo r O *  = Og= D 2 - a 2 - a ,  
w h e re  a* =  a(n*  =  n f o r e c = 0 ) .
3. F o r  a  s in g le  p la sm a  co m p o n e n t (p u re  p la sm a) in the ab sen c e  o f  io n -n eu tra l co llisional 
f re q u en c y  ( vc =  0 , cr* =  a, n -  n\ o f  F L .R  ( vQ =  0 , U  =  0), H all e ffec t (Ha =  0 ,M  =  0 ) and  solute 
g ra d ie n t ( /Jk =  0 , or* =  0 , S  =  0 )  eq . (2 9 ) has the  fo llo w in g  fo rm  :
O , i O ( 0 2 - Q „ D 2)2 + f Q 22D 2)W(z) =  - R a 20 2( 0 20 a - Q D 2)W(z),  (32) 
w h ich  is id e n tic a l w ith  C h a n d ra s e k h a r ’s re su lt [9].
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5. Discussion
In the  ca se  o f  s ta tio n a ry  co n v e c tio n  (n =  ct =  n* = o* = 0) the form s o f  O r O v O 3 and  O*& L*, 
Lm o p e ra to rs  a r e :
O t = 0 2 -  0 ,  - O '  =  0^= D 2- a 2 , L " = 0 2-  Q D 2 ; LM = 0 2 + MOD?  ;
L = ( 0 2-  Q D 2) (O2 + M O D 2 ) +  M Q O D 4, (33)
Eq. (29 ) ca n  be red u c ed  to  :
0{  [ 0 2( 0 2+ M O D 2 -  Q D 2) - Q D 2 (0? -  Q D 2)] + ( /  (V + O f  (O + M D 2 ) D 2 
+ 2 Q ( - J f M  + y j U M O a )D*)W(z) = ( - R a 2 + S a 2) ( 0 2 + M O D 2 - Q D 2)W(z). (34) 
In the  a b sen c e  o f  F .L .R  ( v0 =  0. U  =  0) cq . (34) b e c o m e s :
0 { 0 2[ 0 2 + M O D 2 -  Q D 2) -  QUO2 -  Q D 2)D2 + 2Q( J f M  D 4
+ f ( 0  +  M D 2) D 2)W(z) = ( -  Ra2 + S a 2) ( 0 2 + M O D 2 - Q D 2)W(z) ■ (35)
T he b o u n d a ry  co n d itio n s  in the  case  in w hich  bo th  boundaries are free as w ell as perfec t 
co n d u c to rs  are  :
W(z) = D 2W(i ) -D7iz)  0 ;  © (;)  =  Hz) =  X(z) = 0
a tz  =  0  a n d z  =  1 (z* =  0 ,z *  = /„ )  and  SBx ,5B( . are con tinuous. T he p ro p er so lu tion  o f  eq .
(34) c h a ra c te r iz in g  the  lo w es t m ode has th e  form  :
lV(z) =  W0 s in (V z ) . (36)
w here W0 is co n s tan t.
S u b s titu tin g  (36 ) in (34) w e ob tain  the charac teris tic  equa tion  :
l +A- \ [ [ ( |+ A)2 + Q f  +M(l + x)i +U[V{ - ( 2 -  x)]2 (\ + M + x) 
x J[ (I + x)2 + M(( + x) + Qi
2Q{-JfM + JUm (2 -  x)]\ , p
+ ---------- r r  f + ■
(l +  Jt)2 + M ( l  +  jr) + 6 ,
In the absence of Hall effect (Ha = 0, M = 0) eq. (37) can be reduced to the form obtained 
by G u p ta  and  S in g h  [10].
In the absence of F. L. R (v0 = 0, U = 0) and rotational motion (£2 = 0, V = 0, T = 0) cq. 
(37) is identical with Sharma and Sharma result [ 11.
Our discussion is limited only to the stationary convection (see cq. 37) where the 
modified Rayleigh number/?, attains the minimum when dR l^dx = 0. We obtain .
x1 + alxb + a 2x5 + a ,* 4 + a 4x} + a 5Jt2 +a(,x+a1 =0 (38)
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where a, =0.5(11 + 4M + U),
a2 = M 2 + M ( U  + 9) + 2(Ql + U ) +  12,
a , =  0.5 [M 2 (1/ +  7)+ M(5Qt +  6 l/ + 30) +  g l (3(/ +  13)+(/(2  +  4V'1 -V ,2) 
+ 2 Q l J U M + 2 5 ] ,
a 4 =  M 2( U + 4 )  +  M l ( Q l (6 + U ) - U ( V lI - 4 V ,  + l )  +  10] +  g ,2
+2g,[(/(V', - l )  + 3]-(/[2V ,2 -  8V, + 6) -  2 g , ( J m U  +  J f ^ M  + 5, 
a , =  0.5(A/2[2 + 1/(2V, -  V 2 - 3)] +  M [ - Q 2 + Q }(2UVl - 3 U  + 6)
- 2 U V X (3V, - 1 2 ) - 2 2 U) + Q l  + Q x( U V 2 - W  + 2 ) + U ( 2 4V i - 6 V X2 -2 3 )
- 2 M Q X ( J m T^ +  2 J m U ) ~  Q,  (18- jM U +1 o J m T { ) -  ^g,2 J M V  -  3} (39)
a 6 = —{ M 2[\ + U(VX - 2 )2 ] + M \ Q 2 + 2 Q, + 2 Q J M T ,  ^ 4 Q ^ M U
\
+  3(/(V, - 2)2 +31 +  2 [g 2 +  2 g , + U ( V i - 2 ) 2 +  4 g , >/AfO +2g, ^Aff, +1 |). 
a 1 = - O . S { M 2{ \ + U{ V i - 2 f ]  +  M [ Q 2 + Q x{U{Vx - 2 ) 2 + 2 )
+ 2l/(V, - 2)2 + 2] + (g , + l) l(g | + 1)2 + t/(V, — 2 )2]
+ 2 M Q ^ M  + Q i ) ( 2 y f M U + ^ M % ) ) .
w ith .*  ( 1 =  1 ,7 )  d e te rm in e d  as a so lu tio n  o f  eq . (3 8 ), the re la tio n  (3 7 ) w ill g iv e  the  required  
c ritic a l R a y le ig h  n u m b e r ( i f R < R t the  sy s tem  is s tab le  and  fo rR >  the  sy s tem  is unstab le)
T h e  investiga tion  o f  F .L .R ., ro ta tional m otion , so lu te g rad ien t and  H all effects is facilitated 
by th e  a n a ly tic a l s tu d y  o f  d R } /  dU,  d R ] / d V } , d R } t d S } , d R } / dM.  It fo llo w s  fro m  (37 ) that
dRx _ - J U [V, - ( 2 - jc)]2 • (1 +  jc + M )  ( l  +  jc) +  Q,(l + x ) ( 2 - x ) - J m  
dU 4(1 + x ) 2 +  M(\ + jc) + g,
dRx 2U(\ + x)(l + x + M)(V] - 2  + x) 
dVy 4(1 + *)2 + AY(l + jr) + g ,]
dR,
dM
(1 + J0 0 ,
4(1 + x)2 + M(\ + x) + g, ]2 t/ m
([(1 +  x ) 2 + Q x] [ f i  +  { 2 - x ) J U
-(1 + x)jM ]  + C/VA/LV, -  (2 -  *)]2 -  M(I + x ) [ f i  + (2 - x )JU ]), W
dR,
dS,
■= I
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T h e  n u m e ric a l re su lts  and  co m p ara tiv e ly  g raph ic  ana ly sis  fo r o u r  m ode l ca n  be seen  in 
F ig u re s  1-4. In  F ig u re  1, w e  h av e  p lo tted  the varia tio n  o f/? , w ith *  fo r fix ed  G , =  10, f ,  =  i o 2 . 
U =  102.S , =  10* and  fo r various values o f  M  = 5 ,50 ,500 . E ach  o f  these cu rves show s a  m in im um  
and its  lo u n d  th a t fo r a fixed  va lu e  o f* , ( /? ,)min d ec reases  w ith  in c rease  in M , th is d em o n stra te s  
the d e s ta b iliz in g  in flu e n ce  o f  H all cu rren ts  fo r sm all values o fQ , and  f  . In th is ca se  o f  a sm all 
m agnetic  and  ro ta tio n  p a ra m e te rs , the  p resence  o f  H all cu rren t induces a vertical co m p o n en t o f  
vo rtic ity  an d  th is  m ay  w ell be th e  reaso n  fo r the  d es tab iliz in g  in fluence.
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Figure 1. Variation of R x with x for a fixed Qx = 10. f, = IO\ U = I03, Sx = 10' and for various 
values of M = S ,50.500
T h e  in c re a se  in G , and  f x (F ig u re  2) for the sam e values o f  M , show s the  inc rease  o f  
(K ,)m,n w h h  in c re a se  in Af, p ro v in g  the  s tab iliz in g  in fluence  o f  H all cu rren ts  in the  p re se n ce  o f  
a strong  m a g n e tic  f ie ld  an d  h ig h  va lu e  o f  an g u la r  velocity .
Figure 2. Variation of /?, with x  for a fixed 0, = JO4, f, = io*. U = I01, 5, = 10’ and for 
various values of M = 5,50,500.
T h e  re la tio n sh ip  b e tw e en  R a y le ig h  nu m b er and  * for th ree  va lu es  o f  T ay lo r nu m b er 
r , (= 104, 10 s , 106) w ith  e ,  =  I0 4. M  =  50 . U  = 102. S, =  105 is p lo tted  in F igure  3. It is ev iden t that 
for a fixed  v a lu e  o f  jc, in c re ase  w ith  the  in c rease  in  f }, and  so  ( f f |) min in c reases  w ith  f j ,
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p ro v in g  a  s ta b iliz in g  in f lu e n c e  o f  the  ro ta tio n  in  the  p re se n c e  o f  m a g n e tic  fie ld , H all currents, 
so lu te  g ra d ie n t an d  F. L . R  e ffec t.
T h e  re la tio n sh ip  b e tw e e n /? , a n d x fo r th ree  v a lu es  o f  U(  =  l ,  10, 100) p a ra m e te r  w ith Q x 
= 10, M  = 5 ,7 ,  = 1 0 2, 5 , =  103 (F ig u re  4), illu s tra te s  the  in c re ase  o f/? , w ith  U. T h is  dem onstra tes  
the  s ta b iliz in g  e ffec t o f  F. L. R.
Figure 4. Variation of R} with a for a fixed Q, = 10. M = 5, 7', = 10: , ^  = I0‘ and for various 
values of U = 1,10,100.
It h a s  b ee n  sh o w n , in th e  s ta tio n a ry  c o n v e c tio n  ca se , th a t th e  H all c u r re n ts  (fo r high 
v a lu e s  o f  m a g n e tic  an d  ro ta tio n  p a ra m e te rs ) , F. L . R „  ro ta tio n  an d  s ta b le  so lu te  g ra d ie n t have 
s ta b iliz in g  e ffec t on  the  sy s tem  w h ile  the  m u tu a l co llis io n s  b e tw een  io n ized  and  neu tra l particles 
h a v e  n o  e f fe c t  on  s ta tio n a ry  c o n v e c tio n .
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stabilizing effect on the system while the mutual collisions between ionized and neutral particles 
have no effect on stationary convection.
References
|1] R C Sharma and K N Sharma Aust J . Phys 35 125 (1982)
[2] A S Gupta Rev Roum Math Pares Appl 12 665 (1967)
131 R C Sharma and K N Sharma Phys. Fluids 24 2242 (1981)
[4] M Vasiu and T Beu Anal Sr Umv "Al I Cura" Iasi 351.h 61 (1989)
[5] R C Sharma and N Rani Indian J  Phys 62B 181 (1988)
[6] R C Sharma and Sunil Phys Plasmas 2 1986 (1995)
[7J R C Sharma and Sunil J  Plasma Phys 55 35 (1996)
[8] M Vasiu and A Marcu Indian J  Phys 71B 81 (1997)
[9] S Chandrasekhar Hydrodynamics and Hydroma^netu Stability (Oxford New Clarendon) p 196 
(1961)
(101 P N Gupta and K V Singh Contrib Plasma Phys 26 353 (1986)
